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(54) Coated cemented carbide endmlll having hard-materials-coated-layers excellent In adhesion 



(57) A coated cemented carbide endmlll, compris- 
ing a tungsten carbide based cemented carbide sub- 
strate having a composition of 5 - 20 wt% of Co as a 
binder phase forming component, when necessary, 0.1 
- 2 wt% of one or two of Or and V as the binder phase 
forming component, 0.1-5 wl% of one kind or more 
kinds of carbides and nitrides of Ti. Ta. Nb and Zr as 
well as two or more kinds of solid solutions thereof as a 
dispersed phase forming component and the balance 
being tungsten carbide as the dispersed phase forming 
component and Inevitabie impurities, wherein the tung- 
sten carbide has a refined particle structure having an 
average particle size of 0.1 - 1.5 fim, the tungsten car- 
bide based cemented carbide substrate has a surface 
layer formed to the surface portion thereof which is 
formed by being heated at a high temperature and in 
which composite carbides created by the reaction of Co 
and .W are distnTauted over a depth of 0,1 - 2 ^mi from 
the uppermost surface at the cutting edge thereof and 
further the cemented carbide substrate has hard-mate- 
rial-ooated layers composed of a Ti compound layer 
and, when necessary, an aluminum oxide layer formed 
thereto in an average layer thickness of 0.5 - 4.5 ^im, the 
Ti compound layer being composed of one or more lay- 
ers of a Titanium carbide, Titanium nitride, Titanium 
carbo-nitride, Titanium oxy-carbide. Titanium oxy-nitride 
and Titanium oxy-carbo-nitride formed by medium tem- 



perature chemical vapor deposition and the aluminum 
oxide layer being formed by medium temperature chem- 
ical vapor deposition or high temperature chemical 
vapor deposition. With this arrangement, tiiere can be 
provided a coated cemented carbide endmill having 
hard-material-ooated layers excellent in an adhesion. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to a coated cemented carbide endmill exhibiting excellent wear resistance for a 
long period of time because even if the endmill is used in high speed cutting, the hard-material-coated-layers of the end- 
mill are not exfoliated due to the excellent adhesion thereof. 

2. Description of the Related Art 

[0002] Conventionally, there is known coated cemented carbide endmiils composed of a tungsten caibide (hereinaf- 
ter, shown by WC) based cemented carbide substrate (hereinafter, simply referred to as a cemented carbide substrate) 
having a surface portion to which formed, in an average layer thickness of 0.5 - 5 \sm, are hard-material-coated-layers 
composed of a Ti compound layer which is composed of one or more layers of a Trtanium carbide (TiC). Titanium nitride 
(TiN). Trtanium carbide-nitride (TiCN), Titanium oxy-carbide (TiCO). Titanium oxy-nitride (TING) and Titanium oxy- 
cart)o-nitride (TiCNO), each of the hard-material-coated-layers being formed by medium temperature chemical vapor 
deposition (a method generally referred to as MT-CVD by which vapor deposrtion is performed at 700 - 980°C which is 
relatively lower than the vapor deposition temperature 1 000 - 1 150**C employed by ordinary high temperature chemical 
vapor deposition (hereinafter, referred to as HT-CVD)). as shown in, for example, Japanese Unexamined Patent Publi- 
cation No. 62-88509. 

[0003] Recently, since labor and energy are greatly saved in a cutting process, there is a tendency that a cutting speed 
as one of cutting conditions is further more increased accordingly When the conventional coated cemented carbide 
endmiils are used under such high speed condition, the hard-material-coated layers are liable to be exfoliated due to 
their insufficient adhesion, by which the endmiils are remarkably worn and their life is ended In a relatively short time. 
[0004] To cope wnth this problem, the Inventors directed attention to the conventional coated cemented carbide end- 
mills from the above point of view and made studies to improve the adhesion of the hard-material -coated layers consti- 
tuting the erdmills. As a result, the inventors have obtained a conclusion that when a coated cemented carbide endmill 
is arranged as shown in the following items (a), (b) and (c). the adhesion of the Ti compound layer to the surface of the 
cemented caibide substrate of the endmill is greatly improved by a surface layer which Is fomied to the surface portbn 
thereof by being heated at a high temperature and thus the hard-material-coated layer of the coated cemented carbide 
endmill Is not exfoliated even if the endmill is used in high speed cutting and the endmill exhibits excellent wear resist- 
ance for a long time: 

(a) the cemented carbide substrate has a composition of 5 - 20 wt% of Co (hereinafter. % shows wt%) as a binder 
phase forming component, further when necessary, 0.1 - 2% of one kind or two kinds of Cr and V as the binder 
phase forming component, further when necessary, 0.1 • 5% of one kind or more kinds of carbides, nrtrides and 
carbonitrides of Ti, Ta. Nb and Zr (hereinafter, shown as TiC, TiN, TiCN, TaC, TaN, TaCN, NbC, NbN. NbCN, ZrC, 
ZrN and ZrCN. respectively) as well as two or more kinds of solid solutions thereof (hereinafter, they are shown as 
(TI. Ta, Nb. Zr) C • N as a whole) as a dispersed phase forming component and the balance being WC as the dis- 
persed phase forming component and inevitable impurities, wherein the WC has a refined particle structure having 
an average particle size of 0.1 - 1.5 fim; 

(b) when the cemented carbide substrate shown in (a) is heated at a high temperature in a hydrogen atmosphere 
in which a carbon dioxide gas or titanium tetrachloride is blended under conditions that the atmosphere is set to a 
pressure of 50 - 550 torr and the substrate Is held at a temperature of 900 - 1000°C for 1 - 15 minutes, a surface 
layer created by the reaction of composite carbides of Co and W (hereinafter, shown by COmWnC) is formed to the 
surface portion of the base substance over a predetermined depth from the uppermost surface at the cutting edge 
thereof. 

(c) hard-material-coated layers composed of a Ti compound layer and, when necessary, an aluminum oxide (here- 
inafter, shown by AI2O3) layer are formed to the surface of the substrate having tfie surface layer which Js formed 
by being heated at "the high terriperature arid in whTch the reaction-created COmWnC shown in (bj Is distributed, 
wherein the Ti compound layer is composed of one or more layers of a Tic, TiN, TiCN, TiCO, TiNO and TiCNO 
using MT-CVD and the aluminum oxide layer is formed using MT-CVD or HT-CVD. 

SUMMARY OF THE INVENTION 

[0005] The present invention achieved based on the result of the above studies is characterized in a coated cemented 
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carbide endmill having haitJ-malerial-coated layers excellent In an adhesion, the endmlll comprising a tungsten carbide 
based cemented carbide substrate having a composrtlon of 5 - 20 wt% of Co as a binder phase forming component 
further when nec^sary 0.1 - 2% of one Wnd or t«o kinds of Gr and V as the binder phase ^rmingcompon^TT^ 
When necessary 0.1 - 5% of one kind or more kinds of (Ti. Ta. Nb; Zr) C • N as a dispersed phase forrrTng comS.nen 
5 and the balance being WC as the dispersed phase forming component and inevitable Impurities, wherein the WC has 
a refined iwrticle structure having an average particle size of 0.1 - 1.5 m. the cemented carbide substrate has a sur- 
face layer formed to the surface portion thereof which is formed by being heated at a high tenperature and in which 

,h2S7n??ulMH ''"'^J "ST^"^ T " Of 0.1 . 2 ,m from the uppermost surfaS at the cuttlngtge 
th^eofandfurthe^mesitostratehascoatrt 

10 AI2O3 layer formed tt>ereto in an average layer thickness of 0.5 - 4.5 jun. the 71 compound layer being composed of one 

^^LIT'IT^'^ "^2^*"^ compositions of the cemented carbide sitetrate constituting the coated cemented car- 
bde endmdl of tfie present invention, the average particle size of WC particles and the distributed depth of Co W C 
IS and the average layer thickness of the hard-material-coated layers are limited as described above will be describ^" 



20 



30 



35 



(a) Co content 

♦ ^.H^ ^"^'^'^ *»■ '"Vming a sinterability and thereby improving the toughness of the cemented carbide 
substrate. When a Co content is less than 5%. however, a desired toughness improving effect cannot be obtained 
wtiereas when the Co content is larger than 20%. not only the wear resistance of the cemented carbide substrate itself 
IS lowered but also the cemented carbide substrate is deformed by the heat generated in high speed cutting Thus the 
Co content is set to 5 - 20% and preferably to 8 - 1 2%. 

25 (b)CrandV 

[0008] Cr and V are contained in a necessary amount because they are dissolved in solid in Co as the binder phase 
forming component to thereby strengthen it as well as contribute to refine the WC particles and further have an action 
for Pronioting the formation of the reaction-aeated Co^WpC which is distributed in the surface layer fomied by being 
heated at the high temperature to thereby inprove the adhesion of the hard-material-coated layers achieved by the 
reaction-cr^ted Co^WpC. When their content is less than 0.1%. however, it cannot be expected that the above action 
a^es a d^ired effect, whereas when their content is larger tiian 2%. the above action is saturated and an improving 
effect cannot be furtiier enhanced. Thus, their content is set to 0.1 - 2% and preferably to 4 - 0 8% 
[0009] When the coated cemented carbide endmill is made, it is preferable that Cr and V as the binder phase fbrmino 
romponent are used in the fomi of carbides, nitrides and oxides of Cr and V (hereinafter, shown as CrsC,, CrN CroO, 
M ^^^^ ^"^ as (Cr. V) C . N . O as a whole) as material powders. Since these material liowdere 

are dissolved in solid in Co as the binder phase fomiing component when sintering is carried out and form a binder 
phase a preapilate containing Cr and V as one of components cannot be observed by an optical microscope or a scan- 
nir^ electron microscope. vc«.ao«ui 

40 

(c) (Ti,Ta.hft).Sr)C-N 

[001 0] Since these components have an action for improving the wear resistance of the cemented carbide substrate 
they are contained in a necessary amount. When their content Is less than 0.1%, however, a desired wear resistance 
45 '-rpfovii^effecl cannot be obtained, whereas when it is larger than 5%. toughness is towered. Thus, their content Is set 
to 0.1 • S% and preferably 1 - 2.5%. 

(d) Average particle size of WC 

so [001 1] It is intended to improve the strength of the cemented carbide substrate by the refined particle structure of WC 
P^'?®^ -^I^ '^i^f^ partide structure is obtained by setting the particlesizeof WC powder used as material pow- 
der to 1^5 nm or less. Accordingly, when the average particle size of the material powder is larger than 1 .5 itm a desired 
sfrengtti improving effect cannot be obtained, whereas when it is less than 0.1 ^m. wear resistance is lowered Thus 
the average partfole size of the WC powder is set to 0.1 - 1 .5 and preferably to 0.6 - 1 .0 nm. 

55 

(e) Average distributed depth Of COn^WnC 

10012] Since the portion of the endmill which contributes to cutting is a cutting edge and the portion of the endmill 



3 
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which is far from the cutting edge does not contribute to the cutting, the average distributed depth of Co^WnC is impor- 
C^at mToSir^ZtStting edge. Thus, the average distributed depth will be prescribed here. When the average 
Sr^e^ dS oTcoIw^ fe less than 0.1 m. the ratio of it distributed in the surface layer formed by being heated 

arSrhfeCl^eftSo^SfortheCoS^^ 
. Lei whereS when the average distributed depth thereof is larger than 2 m ance ratio of the average distnta^ 
' Co W C rthe uDMmiost surface portion of the cemented carbide substrate is made excessively large. 

to 0.5- 1.5 Jim. 

10 (f) Average layer thickness of the hard-material-coated layers 

rooiSl When the average layer thickness of the haKl-material-coated layers is less than O^S^m. d^ired excellent 
Sesistenre cLn^'be obt^ned. whereas when the average layer thickness is larger than 4.5 ^ ch pping is liable 
to^ (SSSSSn^ edge. Thus. Ihe average 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0014] A coated cemented cart)ide endmill of the present invention will be specifically described with reference to 
embodiments. 

(Embodiment 1) 

roOISl WC powder having a predetermined average particle size witWn the range of 0.1 - 1 .5 urn. various caJbWe 
Sr nftrwe^e"and car£)-nitride powder each having the average particle size of 0.5 as slwwn in Table 1 
^TS.rfa^'^iS". Ta. Nb. Zr) C . N and CO p^^ 

nared as material powders These material powders were blended to the composition shown in Table 1 and Table 2 like^ 

^et^^ iSTSlTrriill for 72 hours and dried and thereafter pressed to greenco„,pact at the pr^re of 
Wc,5 fflS fl^ green compact was vacuum sintered under conditions that it was held for one hour in the vacuum of 1 
:TX^t a V'SeS temperature within the range of 1350 - 1500»C and cemented carbde ^^tr^^ « - 
ihich had compositions substantially similar to the above blended compositions and composed WC particles having 
the averaae oarticle sizes shown in Table 1 and Table 2 were formed. ^ u u • k«o»»w «. 

rSi« ?^e7Smented carbide substrates A - Z were made by forming a surface layer formed by being heated at 
LTtStei^Tiirrto Slu^ irton of each of the cemented caibide substrates a - z under the cond*ons shown 
fn 4 iJe surface having Co„W„C distributed therein over the average depths shown in Table 3 and 
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40 



45 8. 



50 



m-n' subsequently, hard-malerial-coated layers having the compositions and ^^^^''J^^^'^. 
nTaWe 6 and Table 7 were formed under the conditions shown in Table 5 to the surface of each of the cemented «r- 
^J^i^Jf- Z a^ ce^^ carbide ball-nose endmills of the present invention (hereinafter, referred to 
as ccS^S.1 of^ present invention) 1 - 26 were made. The endmills were composed of a shank portion and a 

[ogiBj J'^^^'!^ . resoectively under conditions similar to the above conditions except that 

Sn^e*SliXeofthe^mented carbide substratesA-Zhavingtt^^ 

fooisi Next hioh soeed copy milling was carried out. by means d the resultant coated endmills 1 -26 Of ttiepr^^^ 

SonS'thereSSSr^ativecoat^ 

c'lSu^uTr^i^^JSe^ 

Of each of the endmills was measured. 



material to be cut SKD61 (hardness: HrC 53) 
cutting speaJ: 800 ni/min 
feed per tooth: 0.1 mm/cutting edge 
depth of cut: 0.5 mm 
55 width of cut: 0.5 mm 
length of cut: 250 m 



Since the comparative coated endmOlsl -26 were worn ataNgh speed, the cutting operation of them was inle^^^^ 
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10 



IS 



20 



25 



when the vvkjm d the maximum flank wear d the cutting edge reached 0.3 ^ 
measured. Table 6 - Table 8 show the result of measurement, respectively. 

(Embodiment 2) 

30 of each of the endmills was measured. 

material to be cut: SKD61 (hardness: HrC 53) 
cutting speed: 500 m/nran 
feed per tooth: 0, 1 mm/cutting edge 
35 depth of cut: 0.5 mm 
width of cut: 0.5 mm 
length of cut: 350 m 

Table 12 and Table 13 show the result of measurement, respectively. 
(Embodiments) 

p<»«l« to adiusung an amount of caftoo conpacl 
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10 



IS 



20 



25 



30 



had a ball-nose radius of 5 mm and a heBx angle of 30». 

r00281 For the purpose of conparison. comparative coated cemented cartjide endmills (hereinafter referred to corn- 
Sie S^ted endSJils) 1 - IsWe made, respectively under condHions similar to the above condrt-ons except tha^ 
SSerte^SSdTsubstrates a - s. to which the surface layer fomied by being heated at the high temperature not 
foreJ^efeuid in place of the cemented carbide substrates A - S ha^^^ 

Jm291 Next high speed copy milling was carried out. by means of the resultant coated endmills 1 - l9o» *e present 
Son aS'theres^ltamXaratiJe coated e^^^^^ 

cTand up-cut milling, under the following conditions and the width of the maximum flank wear of the cuthng edge of 
each of the endmills was measured. 

material to be cut: SKD61 (hardness: HrC 53) 

cutting speed: 650 m/min 

feed per tooth: 0.1 mm/cutting edge 

depth of cut: 0.5 mm 

width of cut: 0.5 mm 

time of cut: 50 min 

Tah!pi7andTable18showtheresuItof measurement, respectively. 

ap^ent fto^the results shown in Tables 6 - 8. 12. 13. 17 and 18 that the ^^^"^^^^^^^ 
SeSated erSills of the presert invention were not exW^^^^ 
S^cH^hlrS the hard-n^terial-coatedlayersdthe comparative coat«^ 

^faiS^^e idmills were greatly worn by the exfoliation and their life was ended in a relatively short tme. 
\Zt Tn thVcS^TedT^Sfendmills of the present invention, since the adhesion of the »'?[d-nr«tenal-coated laye^^ 
S^e suZ c^e cemented cart«de substrate Is greatly improved by the ComWnC distnbuted '"Jjesujce layer 
formL tottie surface portion of the base substance by being heated at the high temperature as desaibed above, fte 
SSIteJal^SSlSS are not exfoliated not only when the endmills are "sed unden«ual cuttmg ^^^rs^ 
ateo S^n if they are used in high speed cutting. Accordingly, the coated cemented carbde endm.lls of the present 
invention exhibit excellent wear resistance for a long period of time. 

Table 1 





Type 


Composition (wt%) 


Average grain size of WC 
(jim) 


35 - 


Cemented carbide substrate 


a 


Co: 5, WC + impurities: balance 


1.2 






b 


Co: 8, WC + inpurities: balance 


0.8 






c 


Co: 10, WC + impurities: balance 


1.0 


40 




d 


Co: 12, WC + Impurities: balance 


1.2 






e 


Co: 15, WC + impurities: balance 


0.6 






f 


Co: 20. WC + impurities: balance 


0.4 






g 


Co: 13, TiN: 2.5, WC + impurities: balance 


0.4 


45 




h 


Co: 10, TaC: 2, WC + impurities: balance 


0.8 






i 


Co: 6. NbC: 0.5, WC + impurities: balance 


1.2 






i 


Co: 5. ZrCN: 0.1 , WC + impurities: balance 


1.5 


SO 




k 


Co: 7. (Ti. Ta) N: 0.8, WC + impurities: balance 


1.0 






1 


Co: 15, (Ti. Nb) CN: 3.5, NbCN: 0.5. WC + impuri- 
ties: balance 


0.5 






m 


Co: 8. (Ti, Zr) CN: 1. WC + impurities: balance 


0.6 


55 




n 


Co: 8, (Ta. Nb) C: 1.5, WC + impurities: balance 


1.0 
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Table 2 



Type 


Composition (wt%) 


Average 
grain size of 
WC {\im) 


Cemented carbide 
substrate 


0 


Co: 12, (Ta, Zr) C: 2, WC + impurities: balance 


0.6 


p 


Co: 6, (Zr, Nb) N: 1 .2, NbN: 0.3, WC + impurities: balance 


1.2 


q 


Cn- 10 m Ta NW C' 2 2 WC + imDurities' t)alance 


0.8 


r 


Co: 20, (Ti. Ta, Zr) N: 5, WC + impurities: balance 


0.1 


s 


Co: 12, (Ti. Zr. Nb) CN: 2.5, WC + Inpurities: balance 


0.6 


t 


Co: 8, (Ta, Nb. Zr) C: 1. TiCN: 0.5. WC + impurities: balance 


1.2 


u 


Co: 6, (Ti, Ta, zr, no) i, + impurixies. oaiance 


n ft 

v.O 


V 


Co: 10, TaN: 1,5. TiC: 0.5, WC + impurities: balance 


1.2 


w 


CO: 7, (Ti, Zr) C: 0.4, ZrN: 0.1, WC + impurities: balance 


0.8 


X 


Co: 17. (Ti, Zr) N: 1. (Ti, Ta. Zr) C: 3, TaCN: 0.6, WC + Impurities: bal- 
ance 


1.5 


y 


Co: 12, TiC: 0.2. ZrC: 0.8, (Ta, Nb) C: 1, WC + impurities: balance 


1.0 


z 


Co: 15. TIN: 0.5, TaC: 1 . ZrCN: 1 , NbC: 0.5, WC + impurities: balance 


0.4 
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30 



35 



40 



45 



50 
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Tables 



5 


Type 


Symbol of 
substrate 


Surface layer formed by being heated at high temperature 








Forming conditions 


Average distrib- 
uted depth of 
Oo^WnO(nm) 


10 






Atmosphere 


Temperature 


Holding time 
(min.) 




15 






Ratio of 

blended to 
H2 (vol%) 


Pressure 










Cemented 
carbide sub- 
strate 


A 


a 


CO2: 11 


250 


950 


6 


1.64 




B 


b 


11014: 2 


550 


900 


11 


0.83 


20 




C 


c 


CO2: 10 


300 


950 


10 


1.27 






D 


d 


TiCU: 3 


400 


920 


7 


0.80 






E 


e 


CO2: 10 


50 


900 


5 


0.24 


25 




F 


f 


T1CI4: 2 


150 


900 


5 


0.41 




G 


g 


TiCU: 2 


450 


900 


10 


1,73 






H 


h 


COg: 11 


350 


950 


12 


1.48 






1 


i 


C02:9 


550 


1000 


15 


2.00 


30 




J 


j 


TiCl4:1 


300 


950 


10 


0.99 






K 


k 


TICU: 3 


50 


1000 


5 


0.45 






L 


1 


COzill 


200 


950 


5 


1.28 


35 




M 


m 


003:9 


80 


900 


6 


0.31 



40 . 



45 



SO 
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Table 4 



Type 


Symbol of 
substrate 


Surface layer formed by being heated at high temperature 






Forming conditions 


Average distrib- 
uieo oeptn or 
Co^WnC (^im) 






Atmosphere 


lemperature 
PC) 


Holding tme 
(min.) 










Ratio of com- 
posibiended 
to H2 (voI%) 


Pressure 
(torr) 








Cemented 
carbide sub- 
strate 


N 


n 


TiCU: 1 


250 


900 


13 


1.02 


0 


0 


TiCU: 3 


450 




1 1 


0.56 


P 


P 


C02: 9 


300 


1000 


13 


1.52 


Q 


q 


CO2:10 


500 


950 


15 


1.80 


R 


r 


TiCU: 1 


100 


900 


6 


0.53 


S 


s 


TiCU: 3 


450 


1000 


14 


1.45 


T 


t 


C02:11 


500 


1000 


15 


1.82 


U 


u 


TiCU: 1 


50 


900 


5 


0.11 


V 


V 


TiCU: 3 


100 


900 


7 


0.36 


w 


w 


C02:9 


300 


950 


9 


1.01 


X 


X 


TiCU: 2 


450 


900 


10 


1.98 


Y 


y 


COg: 11 


100 


900 


6 


0.33 


z 


z 


TiCU: 2 


400 


950 


8 


1.01 



35 



Tables 



Type of hard-material- 
coated'layer 


Hard-material-coated-layer fbnning conditions 




Composition of reaction gas (vol%) 


Reaction atmosphere 






Pressure (torr) 


Temperature (°C) 


AI2O3* 


Al2iCl3:4, CO2: 10, HgS: 0.2. HCI: 2. Hi: balance 


50 


1020 


AI2O3 


AI[OGH(CH3)2]3: 0.3. Hg: balance 


50 


900 


TiC 


TiCU: 2, C3H8: 5. H2: balance 


100 


900 


TiN 


TICU: 2. N : 30, H : balance 


100 


850 


TiCN 


TiCU: 2, N2: 10, CH3CN: 0.8, Hg: balance 


70 


900 


TiCO 


TiCU: 3. CO: 2; H2: balance 


100 


900 


TiNO 


TiCU: 3. CO: 1, N2: 15. H2: balance 


50 


900 


TiCNO 


TICU: 3. CO: 2, Ng: 15, Hg: balance 


50 


900 


[In Table 5, item with * shows high temperature chemical vapor deposition (HT-CVD) and ite 
medium temperature chemical vapor deposition (MT-CVD).] 


ms without * show 
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Tables 



Type 1 


Composition {wt%) ^ 


\verage grain size of WC 




Co 


Cr 


V 


WC + impurities 




Cemented carbide substrate 


a 1 


8.1 


0.52 


0.10 


balance 


0.52 




b 


9.8 


0.40 


0.21 


balance 


0.76 




c 1 


7.8 


0.28 


0.12 


balance 


0.95 




d 


10.3 


0.11 


0.30 


balance 


0.03 




e 1 


12.4 


0.23 


0.45 


balance 


0.51 




f 


11.6 


0.78 


0.22 


balance 


0 80 




9 


19.7 


1.71 


0.31 


balance 


0 11 




h ' 


15.1 


0.13 


0.08 


balance 


1.23 




i 


10.2 


- 


1.52 


balance 


0.30 




j 


7.9 


- 


0.61 


balance 


1.17 




k 


1 5.0 




0.11 


balance 


1 50 




1 


9.6 




0.48 


balance 


0 82 




m 


6.3 




0.29 


balance 


0 12 




n 


19.8 




0.13 


balance 


1.54 




0 


10.1 


0.82 




balance 


1.04 




P 


8.0 


0.55 




balance 


0.51 




q 


6.1 


0.32 




balance 


1.47 




r 


17.8 


1.54 




balance 


0.33 




s 


15.2 


0.96 




balance 


0.80 




t 


12.0 


1.03 




balance 


0.49 
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Table 10 



Type 


Symbol of 
substrate 


Surface layer formed by being heated at high temp 


«rature 






Forming conditions 




Average distrib- 
uted depth of 
Co^WnC(^m) 






Atmosphere 


Temperature 
CO 


Holding time 
(min.) 








Ratio of com- 
position 
blended to Hg 
(vol%) 


Pressure 
(torr) 








Cemented 


A 


a 


CO2: 1 1 


250 


1000 


5 


n OA 


carbide sub- 
strate 


B 


b 


T1CI4: 2 


450 


950 


1 


U.Oc 




C 


c 




350 


1000 


10 


i 

1 .O^ 




D 


d 


ncu: 2 


550 


900 


7 


I .KJ'f 


E 


e 


T1CI4: 3 


500 


1000 


7 


1 .OU 


F 


f 


T1CI4: 1 


300 


900 


7 


A Aft 


G 


g 


"11014: 2 


50 


900 




n 19 

\J. le. 


H 


h 


CO2'. 9 


200 


950 


3 




1 


1 


T1CI4: 1 


400 


950 


7 


1 nfi 


J 


i 


TiCU: 2 


450 


950 


7 


1 .00 


K 


k 


CO2:10 


550 


1000 


10 




L 


1 


C02:9 


250 


950 


5 


n '^i 


M 


m 


T1CI4: 3 


550 


1000 


7 


1 AH 

1 .o\/ 


N 






500 


1000 


16 


1.76 


0 


0 


TiCU: 2 


400 


950 


5 


0.97 


P 


P 


TiCU: 2 


500 


950 


16 


1.46 


Q 


q 


T1CI4: 3 


200 


900 


3 


0.30 


R 


r 


TiCU: 1 


550 


950 


10 


1.89 


S 


s 


CO2: 10 


100 


900 


1 


0.28 


T 


t 


C02:11 


200 


950 


3 


0.47 



Table 11 



Type of hard-material- 
coated-layer 


Hard-material-coated-layerfornning conditions 




Composition of reaction gas (vol%) 


Reaction atmosphere 






Pressure (torr) 


Temperature (**C) 


AI.O3* 


AI2CI3: 4, CO2: 10, HgS: 0.2, HO: 2, Hg: balance 


50 


1020 


AI2O3 


AI[OCH(CH3)2]3: 0.3. H2: balance 


50 


900 
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Table 11 (continued) 



Type cf hard-material- 
coated-layer 


Hard-material-ooated-layer Ibmiing conditions 




Composition of reaction gas (vol%) 


Reaction atmosphere 






Pressure (torr) 


Tenrperature (°C) 


TiC 


TiCl4: 2. C3H8: 5, H2: balance 


100 


900 


TIN 


TiCU: 2, N2: 30, H2: balance 


100 


850 


TiCN 


TiCU: 2, Ng: 10, CH3CN: 0.8, H2: balance 


70 


900 


TiCO 


TiCU: 3. CO: 2. Hgi balance 


100 


900 


TiNO 


TiCU: 3, CO: 1. Ng: 15. Hgi balance 


50 


900 


TiCNO 


TiCU: 3, CO: 2. Ng: 15. H2: balance 


50 


900 


[In Table 11, Item with * shows high temperature chemical vapor deposition (HT-CVD) and items without * show 
medium temperature chemical vapor deposition (MT-CVD).] 
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Table 14 



5 


Type 


Composition (wt%) 




Average grain size of 
WC (urn) 






Co 


Cr 


V 


1 1, le, IMD, ^t) Lr • IN 








Cemented carfokJe 


a 


12.0 


0.48 


0.50 


TiC: 1.9 




0.9 






b 


7.9 


0.23 


1.02 


TaN: u.o 


balance 


1.2 


10 




c 


14.8 


1.41 




TaCN:1 .5 


balance 


0.4 






d 


10.1 


1.42 


0.51 


NbN: 1 .3 


balance 


0.5 






e 


17.8 




1.55 


NbCN: 3.3 


balance 


0.2 


IS 




f 


5.3 




0.10 


ZrCN: 0.9 


balance 


1.3 






g 


9.8 


0.52 




TaC: 1 .0 


balance 


1.0 






h 


12.1 




0.16 


NbC: 3.0 


balance 


0.5 






i 


7.8 


0.39 




ZrN:1.2 


balance 


1.5 


20 




J 


14.7 




1.21 


TiCN: 4.1 


Kalanr*^ 
Udiai iwc 


1.0 






k 


5.0 


0.20 




TiN: 0.5 


balance 


1.0 






1 


15.2 


1.23 




ZrC: 2.3 


balance 


0.3 


25 




m 


11.9 


1.04 


_ 


(Ta. Nb)C:1.5 


balance 


0.5 






n 


10.2 


0.79 




TaC: 0.5. ZrN:0.5 


balance 


0.8 






o 


5.3 




0.17 


(Ti.Ta. Zr) 0:0.1 


balance 


1.5 






P 


19.8 


0.87 


0.97 


(Ti.Ta. Nb, Zr)C:5.0 


balance 


0.1 


30 




q 


8.1 




0.39 


(Ti. Zr)C:1.0. NbC: 
0.1 


balance 


1.2 






r 


16.9 




1.98 


(Ta,Nb)C:0.5.TaC: 
1.0 


balance 


0.5 


35 




s 


9.8 


0.89 




Tic: 0.2, TaN: 0.8 
NbC: 0.2, ZrCN: 1.6 


balance 


0.5 



40 



45 



50 
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Table 15 



5 


Type 


Symbol o1 
substrate 


Surlace layer formed by being heated at high temperature 


10 






Forming conditions 


Average dis- 
tributed 
depth of 
Co^WnC 
Oim) 








Atmosphere 


Temperature 
{ ^) 


Holding time 
(min.) 




15 






Ratio of com- 
position 

blended to 
(vol%) 


Pressure 
(torr) 














a 


C02:9 


500 


950 


13 


1.22 


20 


carbide sub- 
strate 


B 


b 


T1CI4: 3 


350 


950 


8 


0.54 




C 


c 


CO2: 11 


400 


900 


15 


1.01 






D 


d 


TICU: 2 


250 


950 


6 


0.87 


25 




E 


e 


COarlO 


150 


950 


2 


0.30 






F 


f 


T1CI4: 1 


400 


1000 


8 


1.13 






G 


g 


C02:11 


350 




w 


0.42 






H 


h 


T1CI4: 2 


350 


950 


10 


1.04 


30 




1 


i 


CO2: 10 


400 


1000 


15 


1.53 






J 


j 


T1CI4: 3 


450 


900 


13 


1.31 






K 


k 


TiCU: 3 


550 


1000 


15 


1.94 


35 




L 


1 


C02:9 


500 


950 


10 


0.87 






M 


m 


TiCU: 2 


350 


950 


6 


0.45 






N 


n 


CO2:10 


400 


920 


8 


0.51 






0 


0 


CO2: 11 


200 


900 


4 


0.34 


40 




P 


P 




50 


900 


2 


0.11 






Q 


q 


TiCU: 1 


300 


1000 


3 


0.80 






R 


r 


TiCU: 1 


150 


950 


7 


0.23 


45 




S 


s 


TiCU: 2 


100 


900 


5 


0.17 



SO 
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Table 16 



Type of hard-material- 
coated-layer 


Hard-material-coated-layer forming conditions 




Composition of reaction gas (vol%) 


Reaction i 


Sitmosphere 






Pressure (torr) 


Temperature ('*C) 


AI2O3* 


AI2CI3: 4, COg: 10. H2S: 0.2, HCI: 2, H2: balance 


50 


1020 


AI2O3 


AI[OCH(CH3)2]3: 0.3. Hg: balance 


50 


900 


TiC 


TiCU: 2, CaHg: 5. Hgi balance 


100 


900 


TiN 


TiCU: 2, N2: 30, H2: balance 


100 


850 


TiCN 


T1CI4: 2. N2: 10, CH3CN: 0.8. H2: balance 


70 


900 


TiCO 


T1CI4: 3. CO: 2. H2: balance 


100 


900 


TiNO 


T1CI4: 3, CO: 1. N2: 15, Hg: balance 


50 


900 


TiCNO 


T1CI4: 3. CO: 2. N2: 1 5, H2: balance 


50 


900 


[In Table 16, item with * shows high temperature chemical vapor deposition (HT-CVD) and items wrthoui ' snow 
medium temperature chemical vapor deposition (MT-CVD).] 
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TaUe18 





Type 


Symbol of 
substrate 


Hard-material-coated-layer 


Result of cutting test 1 




Comparative | 
coated carbide 


1 


a 


similar to coated cart)ide endmili li 
1 of the present invention 1 


fe ended in 40 min 


endmili I 


2 


b 


similar to coated carbide endmili 1 1 
2 of the present invention 


fe ended in 40 min 1 




3 


c 


similar to coated carbide endmili 1 
3 of the present invention | 


Ife ended In 35 min 1 




4 


d 


similar to coated carbide endmili | 
4 of the present invention 


ife ended in 45 min 




5 




similar to coated carbide endmili 
5 of the present Invention 1 


life ended in 20 min j 




6 


f 


similar to coated carbide endmili 
6 of the present invention 


life ended in 45 min 




7 


n 

9 


similar to coated carbide endmili 
7 of the present invention 1 


life ended in 45 min 


8 




similar to coated carbide endmili 
8 of the present invention J 


life ended in 20 min 


9 


j 


similar to coated carbide endmili 1 
9 of the present invention 


life ended in 20 min 


10 


i 
J 


similar to coated carbide endmili 
10 of the present invention 


life ended In 25 min 


1 11 


|< 


sinrtilar to coated carbide endmili 
1 1 of the present invention 


life ended in 20 min 


12 


1 


similar to coated carbide endmili 
12 of the present invention 


life ended in 30 min 


13 


m 


similar to coated carbide endmili 
13 of the present Invention 


life ended in 45 min 1 


14 


p 


similar to coated carbide endmili 
14 of the present invention 


life ended in 45 min 


15 


Q 


similar to coated carbide endmili 
15 of the present inverrtion 


life ended in 40 min 


16 


P 


similar to coated carbide endmili 
16 of the present invention 


life ended in 30 min 


17 


q 


similar to coated carbide endmili 
17 of the present invention 


life ended in 35 min 


18 


r 


similar to coated carbide endmili 
18 of the present invention 


life ended in 45 min 


19 


s 


similar to coated carbide endmil 
19 of the present invention 


1 life ended in 40 min (life is ended 
by exfoliation of hard-material- 
coated-layer in any case) J 



Claims 
1. 
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(COmWpC) are distributed over a depth of 0.1 - 2 ^im from the uppermost surface at the cutting edge thereof and 
further the cemented carbide substrate has the hard-material-coated layers composed of Ti compound layer 
formed thereto in an average layer thickness of 0.5 - 4.5 jun the Ti compound layer being composed of one or more 
layers of TiC, TiN. TiCN, TiCO. TiNO. TICNO. 

A coated cemented carbide endmill having hard-material-coated layers excellent in an adhesion, conprising a 
tungsten carbide based cemented carbide substrate, wherein the tungsten carbide has a refined particle structure 
having average particle size of 0.1 - 1.5 ^m, the tungsten carbide substrate has a surface layer in which carbide 
(COmWnC) are distributed over a depth of 0.1- 2 jim from the uppermost surface at the cutting edge thereof and 
further the cemented carbide substrate has the hard-material-coated layers composed of Tl compound layer and 
AI2O3 layer formed thereto in an average layer thickness of 0.5 - 4.5 |im, the Ti compound layer being composed of 
one or more layers of TiC, TiN, TiCN, TiCO. TiNO. TiCNO. 

A coated cemented carbide endmill having hard-material-coated layers excellent in an adhesion, comprising a 
tungsten carbide based cemented carbide substrate, wherein the tungsten carbide has a refined particle structure 
having average particle size of 0.1 - 1 .5 ^un. the tungsten carbide substrate has a surface layer formed to the sur- 
face portion thereof which is formed by being heated at a high temperature and in which carbide (ComWnC) created 
by the reaction of Co and W are distributed over a depth of 0.1 - 2 ^im from the uppermost surface at the cutting 
edge thereof and further the cemented carbide substrate has the hard-material-coated layers composed of Ti com- 
pound layer formed thereto in an average layer thickness of 0.5 - 4.5 ]sn\, the Ti compound layer being conrposed 
of one or more layers of TiC, TiN, TiCN, TiCO. TiNO. TiCNO fonmed by medium temperature chemical vapor dep- 
osition at a temperature of 700 • 980 °C. 

A coated cemented carbide endmill having hard-materlal-coated layers excellent in an adhesion, comprising a 
tungsten carbide based cemented carbide substrate, wherein the tungsten carbide has a refined particle structure 
having average particle size of 0.1 - 1.5 urn, the tungsten carbide substrate has a surface layer formed to the sur- 
face portion thereof which is formed by being heated at a high temperature and in which carbide (Co^WnC) created 
by the reaction of Co and W are distributed over a depth of 0.1 - 2 |im from the uppermost surface at the cutting 
edge thereof and further the cemented carbide substrate has the hard-material-coated layers composed of Ti com- 
pound layer and AI2O3 layer formed thereto in an average layer thickness of 0.5 - 4.5 jim, the Ti compound layer 
being composed of one or more layers of Tic, TIN, TiCN, TiCO, TiNO. TiCNO formed by medium temperature 
chemical vapor deposition at a temperature of 700 - 980 °C. 

A coaled cemented carbide endmill according to Claim 1 to 4, wherein said cemented carbide substrate have a 
composition of 5 - 20 wt% of Co as a binder phase forming component and the balance being tungsten carbide as 
a dispersed phase forming component and inevitable impurities. 

A coated cemented carbide endmill according to Claim 1 to 4. wherein said cemented carbide substrate have a 
composition of 5 - 20 wt% of Co as a binder phase forming component. 0.1-2 wt% of Cr and/or V as a binder phase 
forming component and the balance being tungsten carbide as a dispersed phase forming component and inevita- 
ble irrpurities. 

A coated cemented carbide endmill according to Claim 1 to 4, wherein said cemented carbide substrate have a 
composition of 5 - 20 wt% of Co as a binder phase forming component, 0.1-5 wt% of one or more kinds of carbides 
and nitrides of Ti, Ta. Nb and Zr as well as two or more kinds of solid solutions thereof as a dispersed phase forming 
component and the bafance being tungsten carbide as a dispersed phase forming component and inevitable impu- 
rities. 

A coated cemented carbide endmill according to Claim 1 to 4, wherein said cemented carbide substrate have a 
composition of 5 - 20 wt% of Co as a binder phase forming component 0.1-2 wt% of Cr and/or V as a binder phase 
forming component. 0.1-5 wt% of one or more kinds of carbides and nitrides of Tl. Ta. Nb and Zr as well as two or 
more kinds of solid solutions thereof as a dispersed phase forming component and the balance being tungsten car- 
bide as a dispersed phase formirig component and inevitable impurities. 
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